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SECTION  I 


PURPOSE 


At  the  request  of  the  Panel  on  Photography  and  Optics  of  the  Research  and 
Develbpner.t  Board,  a  project  was  initiated  to  evaluate  the  relative  values  and 
uses  of  black-and-white,  color,  infrared,  and  camouflage  detection  films  for 
strategic  reconnaissance.  Since  black-and-white  is  the  only  film  that  has  been 
in  general  use  by  operational  units,  it  was  necessary  to  solicit  the  opinions  of 
photographic  interpreters  of  the  Army,  Navy,  and  the  Air  Force  in  order  to 
determine  the  potentialities  of  color,  infrared,  and  camouflage  detection  films. 
While  the  actual  use  of  the  materials  will  probably  be  a  compromise  between  the 
operational  problems  involved  and  the  information  required  by  interpreters,  it 
was  the  intent  of  this  project  to  establish  a  preferred  pattern  for  using  the 
available  materials  to  obtain  the  maximum  amount  of  intelligence  information. 

SECTION  II 


FACTUAL  DATA 


DE3CRIITI0N  OF  FILMS  FOR  AERIAL  PHOTOGRAPHY 

At  the  present,  the  Air  Force  has  available  four  distinct  types  of  aerial 
films  for  tactical  and  strategic  reconnaissance,  mapping,  charting,  and  for  all 
photographic  coverage  needed  by  the  military  in  war  or  peace.  There  are  many 
variations  in  the  speed,  contrast,  end  sensitivities  of  films,  cut  this  report 
will  concern  itself  with  only  the  four  distinct  types  mentioned  below.  Each  of 
the  films  has  been  designed  to  accomplish  a  specific  job,  and  theoretically 
these  four  types  of  films  should  render  any  information  desired  by  the  photo 
interpreter,  if  used  properly.  The  four  materials  are  black-and-white,  infra¬ 
red,  color,  and  camouflage  detection  film.  A  short  description  of  each  is  given 
here  to  acquaint  the  reader  with  these  materials. 

(l)  Black-and-white  Film:  This  film  is  considered  an  all-purpose  film  for 
reconnaissance  and  mapping  work.  The  advantages  of  this  film  are  speed,  small 
grain  size,  wide  latitude,  ease  of  processing,  long  shelf  life,  ease  of  manu¬ 
facturing,  and  eaop  of  reproducing  the  original  record.  The  principal  disadvan¬ 
tage  of  ti.is  material  for  interpretation  work  is  that  objects  of  similar 
brightness  are  recorded  as  similar  gray  densities  regardless  of  color.  Standard 
black-and-white  films  available:  Class  L,  and  Class  N.  Normal  processing  time 
is  2o  minutes  (not  including  drying  time) .  Processing  temperature  required  is 
tu°F  and  is.  fairly  critical  for  one  solution.  The  equipment  required  is  the 
B—j  developing  assembly. 
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(2)  Infrared  Film:  This  material  is  designed  primarily  for  recording  in 
th.  invisiole  part  of  the  spectrum  at  750  rau.  and  above  when  used  with  an  80A 
filter.  This  characteristic  enables  this  material  to  penetrate  haze  and  tc 
outain  a  relatively  clear  record  when  other  materials  fail.  The  contrast  is 
relatively  higa,  and  tonal  gradations  in  the  intermediate  densities  render  a 
comparatively  poor  record  for  interpretation.  In  theory,  infrared  film  has 
excellent  possibilities  as  a  camouflage  detector,  out  to  date,  no  conclusive 
evidence  is  available.  It  has  relatively  short  shelf  life  due  to  the  rapid 
deterioration  of  the  infrared  sensitizers.  The  processing  requirements  are  the 
same  as  olack-and-whi te  film.  The  standard  infrared  film  available  is  Class  K, 
with  a  speed  index  of  ^0 . 

(3)  Color  Film:  The  present  standard  color  film  is  a  dye-coupled,  reversal 
type  film  that  renders  a  positive  transparency  in  full  color.  This  material 
gives  the  interpreter  not  only  the  form,  size,  and  texture  of  a  target,  but  also 
the  color,  which  is  an  important  source  of  information.  The  disadvantages  of 
aerial  color  film  are  lev  resolving  power,  relatively  slow  emulsion  speed, 
relatively  long  processing  time,  critical  processing  temperatures,  and  narrow 
exposure  latitude.  Normal  processing  is  33  minutes  (not  including  drying  time) 
Temperature  required  is  70°F  and  is  critical  for  two  solutions.  Equipment 
required  is  the  B-3  developing  assembly  and  a  suitable  light  source  for  the 

re- expo sure. 

(4)  Camouflage  Detection  Film:  The  present  camouflage  detection  film  is 
a  three-color,  dye-coupled,  reversal  type  color  film.  This  film  is  designed  to 
detect  camouflage  through  the  infrared  reflection  characteristics  of  chlorophyll, 
which  is  nresent  ir  almost  all  living  vegetation.  The  sensitivity  of  each 
emulsion  layer  is  diagrammed  below: 

Infrared  Sensitive  -  -  Cyan  positive  image 

Green  Sensitive  -  -  Yellow  positive  image 

Red  Sensitive  -  -  Magenta  positive  image 

As  a  result  of  the  reversal  procedure,  the  natural  greens  of  living  trees, 
bushes,  grass  appear  as  red,  while  dead  trees,  dead  vegetation,  and  materials 
not  containing  chlorophyll ,  such  as  camouflage  nets,  green  paints,  etc.  appear 
as  green.  This  gives  a  maximum  of  color  contrast  for  the  detection  and  pene¬ 
tration  of  camouflage.  The  exposing  and  processing  of  this  material  is 
identical  with  that  for  aerial  color  film;  in  fact,  the  seme  chemical  kits  are 
used  for  either  film.  The  storage  qualities  of  this  film  are  relatively  poor, 
due  to  the  somewhat  rapid  deterioration  of  the  infrared  sensitizers. 

DESCRIPTION  CF  PRINTING  MATERIALS  FOR  AERIAL  FEOTOGRAFFY 


The  following  four  types  of  printing  materials  were  considered  in  this 
study: 

(l)  Black-and-white  Paper:  No  effort  shall  be  made  here  to  cover  the  field 
of  bromide  and  chloride  papers  available,  since  everyone  is  familiar  with  the 
more  common  types . 
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(Z)  Black- and-white  Print  Film:  The  material  furnished  for  this  study  was 
a  long-scale,  fine-grain  material  that  is  capable  of  reproducing  a  negative  with 
a  minimum  loss  of  detail.  The  long  scale  available  in  this  material  readily 
lends  itself  to  reproducing  almost  any  negative  by  variance  of  the  developers 
and  developing  time.  This  material  is  tray-processed  in  the  same  manner  as 
olack-and-wnite  paper.  Tne  drying  is  accomplished  in  the  same  manner  as  any 
film.  The  normal  processing  time  is  18  minutes. 

(3)  'Trinton"  Color  Print  Material:  "Printon"  is  a  dye- coupled,  reversal 
color  material  coated  on  a  high-reflection,  white,  acetate  base.  For  this 
project,  all  prints  were  made  on  roll  material,  exposed  in  the  C  1A  continuous 
printer,  and  processed  in  the  B-p  developing  assembly.  Some  difficulty  was 
experienced  at  first  with  color  changes  occurring  from  roll  to  roll  when  a  fresh 
kit  was  used  for  each  roll.  These  variations  were  virtually  eliminated  by 
mixing  large  batches  of  the  developers  and  establishing  a  replenishment  rate 'that 
produced  uniform  results.  Normal  processing  time  is  73  minutes.  (The  new  high¬ 
speed  kits  now  permit  the  processing  time  to  oe  reduced  to  Ip  l/2  minutes.)  The 
temperature  control  is  critical  for  two  solutions. 

(4)  Color  Duplication  Film:  Aerial  ,!Ecta  chrome"  duplicating  film  is  a 
dye-coupled,  reversal  material  coated  on  a  matte  base  for  easy  viewing.  All 
duplicate*?  Tiade  for  this  project  were  exposed  on  the  C  1A  continuous  printer  and 
processed  in  the  B-5  developing  assembly.  After  establishing  the  proper  filtra¬ 
tion  and  exposures,  it  was  possible  to  make  the  runs  without  difficulty.  Normal 
processing  time  is  47  minutes  (not  including  drying  time) .  Temperature  control 
is  critical  for  two  solutions:  70°F  for  the  first  developer  and  30°F  for  the 
color  developer. 

OPERATIONAL  PROCEDURES 

Operationally,  the  obtaining  of  intelligence  through  aerial  photography  is 
divided  into  two  separate  functions.  One  group  gathers  the  photographic  data, 
and  the  second  group  extracts  the  intelligence  information  from  the  photography. 
Similarly,  this  project  vr-s  divided  into  two  phases.  All  of  the  work  of  the 
first  pnase  was  accomplished  by  Airmen  technicians,  with  some  of  them  doubling 
as  aerial  photographers  as  well  as  laboratory  technicians.  All  flight  and 
exposure  data  are  given  in  Appendex  I.  Standard  Air  Force  equipment  was  used 
throughout .  Tne  entire  setup  could  be  duplicated  by  any  fairly  well-equipped 
photographic  squadron  in  the  field.  In  some  cases,  outdated  film  lied  to  be  used, 
out  the  results  outained  were  a  close  approximation  of  the  results  which  could 
be  expected  under  normal  operating  conditions. 

The  interpreters  were,  therefore,  relieved  of  any  operational  problems. 
Co~plete  rets  of  photographs  were  submitted  to  them  for  analysis  and  evaluation 
it  their  leisure.  In  order  to  obtain  opinions  other  than  those  of  military 
personnel,  sets  vvre  sent  to  lurdue  University  and  to  Boston  University  as  well 
as  to  interpreters  of  Ire  Army,  Navy,  and  Air  Force.  (For  comparative  purposes, 
the  results  of  the  University  studies  are  separated  from  ti.ose  of  the  military 
in  this  report.)  Sent  along  with  the  sets  of  photographs,  a  standard  question¬ 
naire  was  distributed  to  simplify  the  analysis  and  com]  ilation  of  results. 
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Upon  completion  of  the  reproduction  phase  of  the  test,  complete  sets  of 
photographs,  consisting  of  a  print  and  a  transparency  from  each  negative,  were 
prepared  and  distributed  to  the  following  photo  interpretation  centers: 

(1)  Strategic  Air  Command,  Offutt  AFB,  Nebraska. 

(2)  U.  S.  Army,  Fort  Riley,  Kansas. 

(3)  U.  S.  Naval  Photographic  Interpretation  Center,  Washington,  D.  C. 

(4)  Hq  USAF  Reconnaissance  Branch,  Washington,  D.  C. 

(p)  USAF  Photographic  Interpreters  School,  Lowry  AFB,  Denver,  Colorado 

(o)  USAF  4203rd  Photographic  Technical  Squadron,  Washington,  0.  C. 

(7)  Boston  University,  Optical  Research  Laboratory,  Boston,  Massachusetts 

(8)  Purdue  University,  Lafayette,  Indiana. 

COMPILATION  OF  THE  RETURNED  QUESTIONNAIRES 

The  participating  interpreters  were  classified  according  to  experience  as 
shown  in  Table  I.  In  only  a  few  isolated  instances  did  the  difference  in 
experience  result  in  a  difference  of  opinion. 


TABLE  I 

Navy 

USAF 

Array 

Total 

No  experience* 

16 

3 

24 

Experienced 

14 

12 

4 

30 

Total 

19 

28 

7 

54 

*  Previous 

experience  in  black-and-white 

prints 

only. 

The  answers  to  the  questionnaires  submitted  to  military  interpreters  are 
compiled  as  follows. 

(1)  Question:  Of  the  three  types  of  photographic  materials  considered, 
what  is  your  choice  for  a  particular  type  of  target?  The 
results  are  given  in  Table  II. 

TABLE  II 

First  Choice  Second  Choice 


of  Croup 

:jo  of  Group 

a.  Aircraft  Manufacturer 

b.  Petroleum  Cricking  Plant 

c.  Hydroelectric  Plant 

B&v  91 

BS-W  76 

BffiW  100 

C  gh 

c  63 

C  DO 
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d. 

•e. 

f. 

h. 

i. 

j< 

k. 

l. 

m. 

n. 

o. 
F* 

q. 

r. 


Heavy  Industry 

Oceanography 

Shipping 

Camouflage  Areas 

Higfr.  Altitude  Obliques  (Gen '1) 

Low  Altitude  Obliques 

Troop  Areas  &  Movements 

Chemical  Manufacturer 

Water  Pollution 

Tank,  Field  Pieces 

Marshalling  Yards 

Underground  Installations 

Coastal  Defenses 

Geological  Studies 

Forestry  Studies 


First 

Choice 

Second 

Choice 

$  of 

Group 

$  of 

Group 

MW 

7h 

C 

73 

C 

S3 

MW 

82 

MW 

75 

C 

62 

CD 

% 

c 

3!* 

MW 

9o 

c 

So 

MW 

96 

c 

77 

MW 

S3 

c 

70 

MW 

64 

c 

57 

C 

93 

MW 

ss 

MW 

39 

c 

79 

MW 

95 

c 

g 

MW 

si 

c 

£7 

MW 

C 

?3 

57 

c 

MW 

bS 

62 

c 

72 

MW 

53 

(2)  ^p.estion:  What  type  of  photography  and  related  reproduction  material 
are  preferred  for  maximum  intelligence  in  routine  photo¬ 
graphic  reconnaissance?  The  results  are  tabulated  in 
Taole  III  in  order  of  preference. 


TABLE  HI 


Film 

a.  Black-and-white 

b.  Black-and-white 

c .  Infrared 

d.  Infrared 

e.  Color 
■f.  Color 

g.  Camouflage  Detection 

h.  Camouflage  Detection 


Reproduction  Material 
Paper 

Transparency 

Paper 

Transparency 
Color  Print 
Color  Transparency 
Color  Print 
Color  Transparency 


(3)  ^pestion:  Is  your  present  interpretation  equipment  adequate  for 
viewing  and  analyzing  transparencies  in  stereo? 

Yes 

No  30$ 

No  Response  1$ 

(U)  (question:  From  the  study  of  this  photography,  which  material: 

a.  Yields  the  most  accurate  interpretation? 

Black-and-white  39$ 


WADC  TP.  32-200 


RESTRICTED 


RESTRICTED 


( j 


...O  * 1  • 


Color  3 $ 

No  Response  3/ 

b.  Is  the  fastest  to  interpret? 

Black-and-white  39 $ 

Color  7^ 

No  Response  4/5 

c.  Is  the  s I"  'lest  to  interpret? 

Rif.  ck-.  id-  ■  ‘ . te  93 'jo 

Color  4# 

No  Keep/  nse  3$ 


d.  Is  the  most  difficult  to  interpret? 
Infrared  3^ 

Color  20$ 

CojEouflu^e  Dete^.ion  13$ 

Rr-r-.oonre  lip 


Do  t  e  col  in  he  «•  and  to  i  -'sparencies 

&p..'car  c.:l  ^crated? 


Yes 

No  31.' 

No  Res [X) nse  ,,’/i 

Is  this  beneficial  to  interpretation’ 
Yes  I? $ 

No  b3$ 


(b)  vaestion:  In  this  set  of  color  materials,  sor'ie  of  the  prints  and 

transparencies  are  sli.j.tly  off-color.  Dr  you  find  this 
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(7)  Question: 


detrimental 

for  interpretation? 

Experience 

No  Experience 

Yes 

19# 

24$ 

No 

39$ 

19$ 

Do  you  feel 

that  color  film  renders 

sufficient  additional 

information  to  warrant  the  additional  time  lag? 


Yes  70$ 

No  30 $ 


(6)  Question:  Are  the  present  serial  camera  lenses  adequate  for  accurate 
interpretation  studies? 

Yes  32$ 

No  Up 

No  Response  42 $ 

(9)  Question:  Would  additioiial  training  beneficial  for  interpretation 
of  the  materials  that  are  different  from  the  medium  in 
which  you  have  been  working? 

Vpr 

A  o  _•  t 

No  Response  13 $ 

(10)  Question:  From  the  study  of  tnis  photography  and  your  previous 

experience,  do  you  recommend  stocking  all  of  the  items  or 
materials  used  on  this  project? 


Yes 

b3/c 

No 

36$ 

No  Response 

11$ 

Note:  The  "Experienced"  group  was  equally  divided 

on  whether  or  not  to  stoc':  all  items.  7 b/°  of 
the  "No  Experience"  group  was  against  stocking 
nil  of  the  items. 
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(11)  Question:  If  it  should,  become  possible  to  furnish  the  interpreters 
a  color  negative  material  with  much  greater  latitude  than 
the  present  color  material,  from  which  black-and-white 
prints,  color  prints,  color  transparencies,  and  black-and- 
white  transparencies  could  be  made,  do  you  feel  that  a 
requirement  exists  for  such  a  ^ terial? 


Yes  70$ 

No  12$ 

No  Response  18$ 

Should  this  material  replace  the  present  color  material? 
Yes  64$ 

No  10$ 

No  Response  26$ 


COMMENTS  REGARDING  ANSWERS  SUBMITTED  BY  MILITARY  T /imERl RETER5 


Fro  tne  T,eeults  tabulated  ?  bove,  tne  films  are  listed  below  in  order  of 
their  value  for  aerial  reconnaissance.  Should  conditions  arise  that  make  it 
necessary  to  eliminate  production  of  any  materials,  the  following  list  could 
serve  as  a  guide  for  reducin&  the  number  of  materials  with  a  minimum  loss  of 
intelligence. 

.  V 

(1)  Black-and-white  panchromatic 

(2)  Color 

(y)  Infrared 

(4)  Camouflage  detection 

Extending  the  r.:me  line  of  reasoning  to  the  reproduction  materials,  the 
materials,  in  the  sumo  order  of  importance,  are: 

(1)  Black-nnd-whi 1 e  print  paper 

(2)  Color  print  paper 

(3)  black-and-vui  te  transparency 

(4)  Color  transparency 
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BOSTON  UNIVERSITY  STUDY 

The  study  conducted  by  the  Boston  Optical  Research  Laboratory  was  a 
quantitative  study  for  resolving  power,  conliuet,  end  clarity  of  image  rather 
than  a  qualitative  study  for  intelligence  information.  Two  analysts  spent 
approximately  oO  hours  on  this  study',  and,  almost  without  exception,  they  rated 
the  materials  in  the  following  order: 

1 1)  Class  L  -  Prints  and  transparencies 

(2)  Color  -  Prints  and  transparencies 

(3)  Infrared  -  Prints  and  transparencies 

(’4)  Camouflage  detection  -  Prints  and  transparencies 
PURDUE  UNIVERSITY  STUDY 

Mr.  R.  E.  Frost  of  Purdue  University  volunteered  the  services  of  the  Air- 
plioto  Analysis  Laboratory  in  conducting  r  study  of  the  film  comparison  tests. 

Tills  offer  was  accepted  in  view:  of  the  fact  that  the  Airphoto  Analysis  Labora¬ 
tory  has  an  experienced  group  of  interpreters  who  have  specialized  in  terrain, 
forestry,  and  environmental  interpretating  end  who  could  offer  a  non-military 
interpretation.  Some  of  the  following  comments  and  recommendations  of  the 
Purdue  group  are  quoted  verbatim,  since  their  findings  from  an  identical  set  of 
pliotogra  hs  reflect  suen  v  wide  difference  of  opinion  from  the  military  inter] re- 
ters,  especially  with  regard  to  the  use  of  infrared  and  color  films. 

(1)  "Transparencies  are  more  difficult  to  interpret,  primarily  from  the 
standpoint  of  equipment  involved  find  the  care  necessary  in  handling." 

"Infrared  lias  many  possibilities.  Some  agencies  have  already  discovered 
its  usefulness  in  vegetation  studies.  It  wild  soon  become  useful  in  other  studies 
of  a  natural  environmental  character." 

"Color  material  has  good  po?si bil ities  for  forest  and  vegetative  studies 
as  well  as  for  drainage  and  waterway  studies." 

(2)  "It  is  recommended  that  infrared  be  given  consideration  as  a  material 
to  be  used  in  the  interpret.-7  tion  of  target  arehs  wr.ich  involve  natural  features 
of  tne  earth's  surface.  In  tais  regard,  it  is  recommended  that  the  Fort  Knox 
Area  ue  "flown"  at  a  scale  of  l/20,UUG,  tlr  t  a  mosaic  be  compared  with  a  l/20, 000- 
scale,  ulack.-nnd-v.hite  mosaic  mode  fr  \n  ordinary  panchromatic  negatives.  It  is 
oelieved  timt  s-vc  startling  features  will  be  revealed  to  the  alert  interpreter. 

Tt  is  also  uelieved  tout  tnis  material  will  play  an  important  part  in  the  in¬ 
terpretation  of  terrain  featur  e,  which  is  important  when  one  considers  that  the 
natural  physical  and  environmental  features  of  the  earth's  surface  is.  dominant 

in  the  formation  of  a ir- photo  patterns. 
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(3)  "It  is  believed  that  all  of  the  types  of  photographic  materials  involved 
herein  have  a  definite  use  in  the  specific  target  areas.  Further  research  of 
these  materials  is  recommended.1' 


TABLE  IV 

1. 

2. 

*3 

2: 

Aircraft  Factory  or  Precision  Mfr 
Petroleum  Cracking  Plant 

Hydroelectric  Plant 

Heavy  Industry  (Steel  Mills,  etc.) 

MW 

I  R 

Color 

C  D 

w 

b. 

Oceanography 

Shipping 

2 

3 

i 

0 

7- 

Camouflaged  Areas  (launching  Sites) 

3 

2 

1 

1 

8. 

High  Altitude  Obliques  (General) 

2 

1 

2 

3 

9. 

Low  Altitude  Obliques 

2 

1 

2 

3 

1C. 

11. 

12. 

Troop  Areas  and  Movements 

Chemical  Manufacturer 

Voter  Pollution  Studies 

2 

0 

1 

0 

S: 

it: 

Tanks  and  Motorized  Field  Guns 
Marshalling  Yards 

Underground  Installations 

2 

3 

1 

0 

Coastal  Defenses 

2 

1 

3 

0 

il¬ 

Geological  Studies 

1 

3 

2 

0 

ls. 

Forestry  Studies 

3 

1 

1 

0 

For  a  comparative  military  analysis,  refer  to  Table  II. 


SECTION  III 


CONCLUSIONS 


Hy  combining  the  opinions  of  interpreters  of  the  Army,  Navy,  and 
Air  Forces,  a  preferred  pattern  v-f. ;■  established  for  using  the  available  types  of 
sensitized  materials  for  aerial  photography,  ("ee  Table  II)  This  list  was 
compiled  on  the  basis  of  the  choices  nf  t,,e  majority  of  the  interpreters. 
However,  it  will  be  noted  that  the  interpreters  varied  widely  in  their  favored 
selections. 

It  is  believed,  however,  that  the  results  of  tils  investigation  should  not 
be  considered  as  conclusive  as  to  the  potentialities  of  all  the  materials 
utilized  because  of  the.  following  factors,  which  oecame  apparent  during  tne 
course  of  the  investigation: 
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(1)  Tiie  lock  of  proper  interpretation  equipment  undoubtedly  influenced  the 
results  of  this  study.  Only  20p  of  the  jjprticipeting  interpreters  had  adequate 
equipment  available  for  viewing  transparencies  in  stereo, 

(2)  Much  closer  liaison  is  needed  oetween  trie  photographic  and  intelligence 
agencies  to  promote  optimum  operation.  From  all  indications,  esc h  group  needs  a 
better  understanding  of  the  capabilities  and  limitations  of  its  opposite  group. 

(3)  One  important  factor  was  overlooked  by  both  this  Laboratory  in  preparing 
the  questionnaires  and  by  the  interpreters  in  analysing  the  photography.  This 
was  the  application  of  the  various  materials  for  second-end  third-phase  interpre¬ 
tation.  This  consideration  should  be  included  in  any  future  tests  of  this  type. 

(4)  From  the  results  of  this  project  and  a  knowledge  of  sensitized  emul¬ 
sions,  it  can  be  stated  conclusively  that  black- end-white  panchromatic  film  1b 
the  one  single  film  most  valuable  for  aerial  reconnaissance.  Exploration  into 
the  reasons  for  this  categorical  statement  of  superiority  reveals  that  materials 

o  tiier  than  black- and-vhite  panchromatic  film  have  certain  inherent  characteristics 
that  limit  their  use,  and,  as  a  result,  their  value.  The  following  is  a  list  of 
these  limiting  factors  in  the  order  of  their  import; mce  to  photographic  in¬ 
terpreters  and  operational  photographic  personnel. 

a.  Resolving  Ibwer 

b.  Film  Speed 

c.  Latitude 

d.  Processing  Time 

e.  Storage-ability  or  Shelf  Life 

,  The  infrared,  color,  and  camouflage  detection  films  do  not  individually 
have  all  of  the  above  shortcomings,  but  it  is  true  that  each  one  does  have  some 
combination  of  two  or  more  whj.n  compared  with  block-ond-white  film.  From 
present  knowledge  of  sensitized  materials,  it  must  be  concluded  that  any  improve¬ 
ments  in  special  color  materials  will  be  a  rather  slow  process,  unless  some  new 
and  radical  approach  is  presented.  Cf  course,  the  ultimate  goal  of  the  Air  Force 
Color  Program  is  the  selection  of  one  or  more  mate-inls  that  vdll  approach  or 
surpass  the  performance  of  the  present  ulacv-and-white  materials  in  all  respects. 

(p)  From  the  res’i*  te  of  tins  st  ;  ;y  c  no  the  observations  of  color  techni¬ 
cians  in  the  Korean  theater  ol  operati  ms,  the  present  camouflage  detection  film 
has  certain  limitoti  ns,  which  are  indicated  below. 

a.  Camouflage  detection  fLln  ir  designed  for  summer  use  only.  With 
Uie  possibilities  of  lr.n,e- scale  n  emf/ir.p  in  t; ->  Arctic  end  polar  regions,  a 
camouflage  detection  materia!  that  is  useful  in  mow  areas  would  provide  a  much- 
needed  and  valuable  intelligent'-  ;..,ol. 
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b.  In  the  Korean  theater  of  operations,  it  was  discovered  that 
certain  trees  end  foliage  peculiar  to  the  area  did  not  reflect  infrared  as  would 
be  normally  expected.  Since  it  is  on  the  basis  of  infrared  reflectivity  that 
detection  and  penetration  of  camouflage  is  effected,  the  film  is  of  doubtful 
value  in  that  particular  locality.  It  is  entirely  possible  that  similar  situ¬ 
ations  may  also  be  found  to  exist  in  other  parts  of  the  world. 

c.  Photographic  interpretive  and  intelligence  personnel  have  little 
knowledge  of  camouflage  detection  film  and  its  uses. 

d.  Camouflage  detection  film  and  black-and-white  infrared  film  have  a 
relatively  short  shelf  life  due  to  the  instability  of  the  present  infrared 
sensitizers.  Either  more  stable  sensitizers  must  be  developed,  or  a  more 
efficient  supply  system  must  ’  'oetituted  to  compensate  for  such  rapid  losses 
in  film  speed. 


SECTION  IV 


REOOMI4ELJDAT  IONS 


(1)  Similar  studies  should  be  conducted  to  cover  such  fields  as  low- 
altitude  tactical- support  photography,  strip-camera  photograjhy,  night  photog¬ 
raphy,  uomb-dama^e  pno  togrr  atonic  bomb  assessment  and  damage  photography, 
more  extensive  soil  ana  tom'.',  pno  to  graph,;  ,  underwater  depth  studies,  gun- 
si^ht-aiming- point  pno to, gra  i.y,  which  undoubtedly  will  result  in  more  efficient 
utilization  of  materials  and  better  intelligence. 

(2)  The.  pnotoc.rc.pnic  interpreters  schools  should  include  in  their 
curriculu.ns  a  course  or  course?  to  acquaint  tne  interpreters  with  the  materials 
available  an  i  to  explain  'he  ore  of  specialized  materials  which  render  results 
otherwise  unout&ine Die . 

(3)  Tne  operational  personnel  in  photography  should  be  educated  in  the  use 
and  handling  of  special-purpose  materials.  This  instruction  should  include 
techniques  for  exposing  and  processing  the  various  materials,  resulting  in  an 
understanding  of  the  problems  involved. 

(h)  Restore)  shoul i  ue  continued  and  extended  to  eliminate  the  defici¬ 
encies,  of  the  materials  as  brought  out  in  this  report.  In  the  case  of  color 
films,  development  should  be  attempted  to  obtain  higher  resolving  power, 

more  emulsion  spe ;  „nd  shoi  ter  processing  times.  In  the  case  of  infrared  and 
canon flags  detection  film,  more  stable  infrared  sensitizers  should  be  investi¬ 
gated  or  a  wetter  or  special  supply  system  set  up  to  compensate  tor  the  rapid 
lose  of  speed  in  infrared  ernul sions . 
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(5)  Only  the  freshest  film  should  be  supplied  to  the  field,  (One  s.  p  to 
alleviate  this  condition  has  already  been  taken  by  one  film  manufacturer  by 
placing  the  expiration  date  on  the  outside  of  the  film  containers.  This  enaole6 
depot  personnel  to  move  the  older  stocks  first.  However,  the  amount  of  materials 
on  hand  should  not  be  allowed  to  accumulate  in  such  amounts  that  materials  issued 
are  past  the  expiration  date  or  are  very  "short-dated" . ) 

(6)  If  well-qualified  personnel  are  assigned  to  field  photographic  organi¬ 
zations,  high  quality  work  can  be  produced  in  a  minimum  of  time. 

(7)  In  order  to  outain  the  optimum  use  of  color  film  in  the  field  the 
following  recommendations  arie  made: 

a.  The  photo  interpreter  who  requests  a  particular  mission  should 
brief  the  reconnaissance  crew  on  the  types  of  coverage  desired. 

b.  Target  areas  which  will  require  repeated  coverage  should  first  be 
photographed  in  color,  with  epusequent  coverage  in  black-and-white.  The  first 
sortie  would  establish  the  colors  end  contrasts  of  the  area  and  would  be  used  as 
a  reference  for  the  later  black-and-white  coverage. 

c.  In  order  to  overcome  the  inherent  relatively  low  resolving  power  of 
aerial  color  film  nnd  still  have  the  advantages  of  natural  color  for  interpre¬ 
tation,  the  use  of  two  vertical  cameras  lr  recommended.  One  of  these  cameras 
should  be  loaded  with  black-and-white  film  and  the  other  with  color  film.  One 
frame  from  each  camera  should  be  used  to  make  a  stereo-pair  for  interpretive 
study. 
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APPENDIX  I 

FLIGHT  AND  EXPOSURE  DATA 


FLIGHT  PROCEDURES 

Upon  completion  of  the  planning  for  this  project.,  the  necessary  equipment 
was  outained,  and  the  aerial  flights  were  executed  as  outlined  uelow.  • 

(1)  This  phase  of  the  project  was  conducted  in  a  modified  B-17  aircraft. 
This  particular  aircraft  had  a  camera  port  opening  that  permittee  the  use  of 
four  cameras  in  a  single  mount.  For  this  project,  four  standard  24- inch  K-17 
cameras  were  mounted  in  a  single  wooden  mount  and  operated  simultaneously  from 
an  intervalometer.  (See  Figures  1  and  2)  The  cameras  were  bench-tested  for 
focus  and  for  accuracy  of  shutter  speeds.  Where  necessary,  corrections  were 
made  to  insure  a  fair  and  impartial  test  of  the  materials.  The  camera  used  for 
the  infrared  film  was  refocussed  as  recommended  by  Technical  Order  No.  10-10-41, 
entitled  "Service  Instructions  For  Camera  Lenses".  The  wooden  camera  mount  was 
fabricated  and  mounted  in  the  aircraft  by  personnel  of  the  Photo  Reconnaissance 
Lab,  V/ADC.  This  mount  wns  flight-tested  with  and  without  Lord  mounts  to 
determine  which  system  functioned  with  the  least  vibration.  An  analysis  of  the 
film  indic.u ted  that  the  best  results  were  outained  with  the  Lord  radunts.  This, 
wooden  mount  functioned  perfectly  throughout  the  entire  project. 

(2)  Two  local  flights  were  conducted  to  determine  the  operational  status 
of  the  equipment.  The  film  was  analyzed  for  vibration,  focus,  shutter  speed, 
and  color  balance.  A  few  minor  correctdo ns  were  made,  and  the  project  flights 
were  started.  In  order  to  simulate  operational  conditions  ac  nearly  as  possible 
all  flights  were  scheduled  for  30,000  feet  altitide.  However,  on  the  first  two 
flights,  one  of  the  crew  me.. Gere  suffered  an  attack  of  the  "bends",  so  the 
flight  altitude  was  reduced  to  2^,000  feet.  After  reducing  the  flight  altitude, 
no  further  difficulties  were  encountered  with  personnel  or  equipnent.  The 
camera  filters  and  exposures  med  on  the  test  flights  are  listed  below’-,  the 
exposures  given  are  average. 


FILM 

FILTER 

EXPOSURE 

.Black-and-white 

Minus  Blue 

l/l^O  sec.  f  11 

Infrared 

Wratten  #2^ 

1/100  sec.  f  6 

Color 

Ac  Recommended 

l/VjO  sec.  f  6 

Camoi  1  flags  De  t e c  t  io  n 

As  Recommended 

l/lOO  Sec.  f  6 

LABORATORY  KtOCEDURE 

All  sensitized  materials  were  processed  in  a  routine  murine r  with  relatively 
close  control  n  times,  teinj  era  tores,  and  solutions.  A  short  description  is 
cgven  on  the  next  page  of  the  techniques  used. 
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Figure  1-  Camera  Installation  in  KB-17C  Just  Aft  of  Radio  Compartment, 
Four  K— 1 7  F'l  in.  Cameras  In  Wood  Mount  Ready  for  Operation 
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(1)  Class  L  film  was  processed  at  b'4° F  in  a  Williamson  continuous 
processing  machine  to  e  gam :ia  of  1.?.  Results  we^e  uniform  throughout  the 
project. 

(2)  Class  K  (Infrared  sensitive)  film  was  processed  in  the  sane  manner  as 
Class  L  film.  Tbr  this  project,  it  was  necessary  to  use  outdated  film;  conse¬ 
quently,  processing  control  by  go -wo  could  not  oe  maintained.  Results  were  not 
uniform,  and  the  quality  was  below  that  which  can  oe  expected  vrhen  using  fresh 
film.  Some  doubt  was  expressed  concerning  the  accuracy  o^  the  inf rared  camera 
focus,  out  no  definite  conclusions  were  reached. 

(3)  Color  film  was  processed  at  ~f0°?  i-n  -d-p  developing  units  according  to 
the  manufacturer's  recommendations .  Over-all  results  were  very  good,  with  the 
exception  of  two  rolls  in  which  the  color  balance  varied  from  the  normal.  This 
siiift  in  color  balance  was  due  to  haze  conditions  and  improper  filtration. 

(4)  Camouflage  detection  film  w1’?  processed  in  the  same  manner  as  the 
aerial  color  film,  utilizing  the  interchangeable  color  kite.  The  results  were 
very  poor  with  the  outdated  film  which  was  available  for  tnie  project. 
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DISTRIBUTION  LIST 

No .  Oys .  Organization  No .  Cys . 


Activities  at  W-P  APB 


WCLT 
WCAPP 

waoT-i 

DSC  -  SA 

wao 
wa 
waio 

WCLFG 

ATTN;  Mr.  Mallios 

4  wam-2 

Dept.  of  Defense  Activities 
Other  Than  Those  at  W--P  APB 

2  Panel  on  Photography  and  Optics 

R  &  D  Board 
Washington,  D.  C. 

2  Office,  Chief  of  Engineers 

Dept,  of  the  Array 
ATTN:  Mr.  E.  L.  Claussen 
Corps  of  Engineers  members 
on  the  USAS’  Technical 
Committee 

Washington  25,  D.  C. 

2  Research  and  Development  Board 

Library  Branch,  Info.  Offices 
ATTN:  C.  R.  Flagg,  Em.  3D1041 
The  Pentagon 
Washington  25,  D.  C. 

1  Document  Room 

Project  LINCOLN 

Mass.  Inst,  of  Technology 

A'T'N :  Ethel  H.  Branz 

p.  o.  Box  390 
Cambridge,  Massachusetts 

1  Director  of  Operations 
Headquarters  USAF 
Washington  25,  D.  C. 


1  Director 

Air  University  Library 
Maxwell  Air  Force  Base, 
Alabama 

2  Purdue  University 
Highway  Research  Group 
ATTN:  Mr.  R.  E.  Frost 
Lafayette,  Indiana 

2  Eastman  Kodak  Company 

Research  Laboratory 
ATTN:  Mr.  R.  G.  Tnrkington 
Kodak  Park 
Rochester,  New  York 

2  General  Aniline  Filin  Corp. 
Ansco  Division 

ATTN:  Mr.  F.  J.  Minehan 
Binghamton,  New  York 

3  Photographic  School 
Interpretation  Section 
Lowry  Air  Force  Base, 
Colorado 

3  Reconnaissance  Branch 

The  Pentagon 
Headquarters  USAF 
Washington  25,  D.  C. 

1  Director  of  Research  and 

Development 
Headquarters  USAF 
Washington  25,  D.  C. 

1  Director  of  Plans 

Headquarters  USAF 
Washington  25,  D.  C. 

3  Chief,  Technical  Dept.  5 

Engineer  Research  and 
Development  Laboratories 
Engineer- Center 
Fort  Belvoir,  Virginia 
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DISTRIBUTION  LIST  (Cont'd) 


No ■  Cys .  Organization 

1  Chief,  Engineering  & 

Technical  Division 
Office  of  the  Chief  Signal 
Officer 
Dept/Array 

ATTN:  Mr.  W.  W.  Jones 
Washington  25,  D.  C. 

1  Office,  Chief  of  Engineers 

ATTN:  Engineer  Military 
Intelligence  Division 
Military  Operations 
Washington  25,  D.  C. 

1  Mapping  and  Charting  Research 

Laboratories 

(Ohio  State  University  Research 
Foundation) 

2^93  West  Hardin  Road 
Columbus,  Ohio 

1  Commanding  General,  5th  Air  Force 

ATTN:  Operations  Analysis  Office 
AK)  710 
C/0  Eos toaster 
San  Francisco,  California 

1  commanding  General 

Signal  Corps  Engineering 
La  00  ra  to  ries 

ATTN:  Chief,  Photographic 
Branch,  SSL 

Fort  Monmouth,  New  Jersey 


"To  ■  Cys .  Organization 

3  Boston  University 
Optical  Research  Laboratory 
320  Bay  State  Road 
Boston,  Massachusetts 

4  U.  S.  Naval  Photographic 

Interpretation  Center 
Anacostia,  D.  C. 

1  Washington,  AMC  Engineering 

Field  Office 

Room  4949,  Main  Navy  Building 
Dept /Navy 
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